We present the third release of the CLUMPY code for calculating γ-ray and ν signals from annihilations or decays in dark matter structures. This version includes the mean extragalactic signal with several pre-defined options and keywords related to cosmological parameters, mass functions for the dark matter structures, and γ-ray absorption up to high redshift. For more flexibility and consistency, dark matter masses and concentration are now defined with respect to a user-defined overdensity ∆. We have also made changes for the user's benefit: it includes a better handling of options in run command lines, consistent naming of parameters, distribution of the code via git, and an updated documentation at http://lpsc.in2p3.fr/clumpy/.
Introduction
Indirect signatures of dark matter (DM) annihilation or decay are being actively sought for in the fluxes of charged cosmic rays [1] , γ-rays [2] and neutrinos [3, 4] . The CLUMPY code has been developed over the last few years to provide a public tool to estimate the DM-induced fluxes of γ-rays and neutrinos, in a large variety of objects and user-defined configurations. Our knowledge about the masses and shapes of DM structures throughout the Universe is largely dependent on cosmological simulations, which all provide similar but still different parametrisations of the DM properties; CLUMPY allows the user to easily switch and combine these parametrisations and to efficiently compute resulting γ-ray or neutrino (ν) signals for indirect DM searches. The goal of CLUMPY is to eventually provide an unified and comprehensive calculation of the exotic signal at both the Galactic and extragalactic scales.
The first release of the code, published in [5] , focused on the optimised calculation of the so-called astrophysical J-factor 1 , a key quantity for indirect detection studies at the Galactic scale. The code could simply provide the J-factor of a user-defined halo, or compute J-factor maps (in the flat sky approximation) of the Galactic halo or of any isolated halo, including substructures. This first release was used in [6, 7, 8, 9, 10] .
In [11] , a second and much more complete release of the code was delivered to the community. From then, CLUMPY included the source γ-ray and ν spectra computed from [12] that allow to compute not only the J-factors, but the actual exotic prompt radiation from DM annihilation or decay. Another important new feature of that release was a Jeans analysis module to compute the DM profile of dwarf spheroidal galaxies, prime targets of indirect DM detection, from their kinematic data and to propagate the uncertainties to the J-factors (e.g., [13, 14, 15, 16] ). Using Healpix, the possibility to compute full skymaps was also included and largely used in [17] .
Up to now, the calculations implemented in CLUMPY have been only valid at the Galactic scale and for the local Universe, where cosmology and absorption can be ignored. This paper describes the third release of CLUMPY, which now also includes the mean extragalactic contribution to the exotic γ-rays and neutrinos in a flat ΛCDM universe, used to produce the results of [18] . This addition is the missing piece to provide, within the same framework, a tool to consistently compare all potential DM targets on the Galactic and extragalactic scale.
The new extragalactic physics included into CLUMPY is described in §2 of this paper. §3 presents the main additions brought to the code in order to effectively implement this physics, while some new, more minor features included in this release are summarised in §4. New parameters and keywords are described in §5. CLUMPY has several library dependencies that have made the previous release quite complex to install. For this third version of the code, the installation process has been greatly simplified, making some dependencies optional as described in §6.
Average γ-ray and ν fluxes from extragalactic DM
The extragalactic differential γ-ray or ν intensity of annihilating Majorana DM 2 , averaged over the whole sky, is given by with E γ,ν the observed energy, Φ the flux, dΩ the elementary solid angle, c the speed of light, and DM, 0 the DM density of the Universe today. H(z) is the Hubble constant at redshift z, m χ the DM candidate mass, and σv the velocity averaged annihilation cross section. dN γ,ν source /dE e is the differential γ-ray/ν yield per annihilation evaluated at E e = (1 + z)E γ , corresponding to a photon at E γ today, and τ(z, E γ ) describes the optical depth of the Universe to γ-rays of GeV to beyond-TeV energies. Finally, δ 2 = 1 + Var(δ) is the intensity multiplier related to the DM inhomogeneity δ.
3
For decaying DM with lifetime τ DM , the intensity is given by
As of now, CLUMPY only accounts for the prompt γ-ray emission, given by the above equations. The diffuse secondary emission, produced by the inverse Compton scattering of DMproduced e +/− with CMB photons [19] , is not yet implemented.
3. Implementation in CLUMPY: new and updated functions 3.1. New module cosmo.cc
Computation of the extragalactic intensity as given by Eq. (1) requires accounting for the cosmology. This is done in a new module, cosmo.cc, which contains all cosmology-related functions, from the computation of the various cosmological distances to the evaluation of the halo mass function required by the intensity multiplier δ 2 (z) , Eq. (3) below. A large fraction of the functions included in this module are a translation into C of Eiichiro Komatsu's very useful Cosmology Routine Library in Fortran. 4 
Cosmological distances
There are several ways to define distances in cosmology, whether one is interested in the i) distance between two objects along the line of sight (comoving distance), ii) the transverse distance between two objects at the same redshift (transverse comoving distance), iii) the physical size of an object given its observed angular size (angular diameter distance), or iv) the distance to link an observed flux to the intrinsic luminosity of a source (luminosity distance). These well-known definitions depend on the cosmological parameters and redshift and are not repeated here (see, e.g., [20] ), but have been included in the cosmo.cc.
Intensity multiplier δ
2 (z) of annihilating DM The quantity δ 2 (z) is computed according to the halo model approach [21, 22, 23] . In this setup, the intensity multiplier from the inhomogeneous Universe is written as
where m, 0 is today's mean total matter density, dn/dM the halo mass function, and L(M, z) the one-halo luminosity.
The halo mass function. The number density of haloes dn/dM in a given mass range at redshift z depends on the variance σ of the density fluctuations and on the multiplicity function f (σ, z) that encodes nonlinear structure formation,
The variance σ is calculated from the linear matter power spectrum, P lin (k, z = 0), according to
with R = [M/(γ f m,0 )] 1/3 the comoving scale radius of a collapsing sphere containing the mass M. Different shapes of the sphere can be selected (see Tab. 2), expressed in k-space by
with θ the Heaviside step-function. CLUMPY is interfaced with the CLASS code [24] to compute P lin (k, z = 0). The growth factor
then allows to compute the variance at any redshift (G is the gravitational constant). The multiplicity function f (σ, z) is generally fitted to numerical simulations. CLUMPY includes the parametrisations from a variety of simulations, considering only DM or including baryons and relying on different cosmologies. The available parametrisations are listed in Tab. 2 and the user may select any one of these with a corresponding keyword (see §5 for details).
The comoving one-halo luminosity. The other term required by the intensity multiplier is the halo luminosity, defined to be
It depends on the halo mass M ∆ , on the halo density profile 5 ρ halo (r; ρ −2 , r −2 ), and on the mass-concentration relation c ∆ (M ∆ , z) := R ∆ /r −2 which is required to determine the normalisation of the profile given the halo mass. All massconcentrations available in CLUMPY are now implemented with their proper redshift-scaling. The halo luminosity has existed in CLUMPY since the first release and is defined in the clumps.cc module (see the previous release articles [5, 11] ).
Main functions
• dh {c, trans, a, l}: a set of functions returning, for a given cosmology and redshift, the comoving (c), the transverse comoving (trans), the angular diameter (a) and the luminosity (l) distances.
• get pk: for a given cosmology, loads the matter power spectrum from an existing file, the name of which should match a pattern obtained from the cosmological parameters. If the file does not exist, the function calls compute class pk to compute P lin (k) using CLASS (which should have been previously installed by the user).
• growth factor: computes the linear growth rate D(z), for a given redshift, using either the exact analytical solution of Eq. (6) or the approximate (and faster to compute) formula of [25] , depending on the user's choice.
• compute massfunction: returns a vector of tabulated values of the mass function (Eq. 4, but written as dn/d ln M) at a given redshift, for a given set of masses defined by the user in the main parameter file. The result for any mass is interpolated from these tabulated values.
3.2. Absorption added in spectra.cc Absorption of the γ-ray photons due to pair production after interaction with the extragalactic background light (EBL) and the cosmic microwave background (CMB) 6 is another important term in Eq. (1) . Several types of models exist in the literature to describe the EBL. One approach, called backward modelling, starts from the observed multi-wavelength properties of existing local galaxies and extrapolate to larger redshifts (e.g. [26, 27] ). The so-called forward modelling relies on semianalytical models of galaxy formation and evolution to compute the opacity at any redshift (e.g. [28, 29] ). Other methods focus instead on the mechanisms responsible for the EBL, i.e. emission of stars and dust, and integrate over stellar properties and star formation rate [30] , or rely on the direct observation of galaxies over the redshift range of interest [31] . Given the variety in the modelling approaches, the results for τ(E, z) of each of the works cited above has been implemented in CLUMPY. At each redshift, we transform the tabulated data from these works into coefficients of a fitted 11 th order polynomial in energy. The optical depth τ is then computed from the polynomial in energy and interpolated in redshift by the function opt depth that has been added to the existing spectra.cc module.
New module extragal.cc
Relying on the two modules described in the last subsection, the extragal.cc module puts everything together to compute the actual extragalactic exotic flux from Eq. (1) or (2) . As seen from the equations above, this requires several imbricated integrals that would be very time consuming to compute if done naively. To optimise the nested integration, CLUMPY first tabulates the mass function and other cosmological quantities on a grid of masses and redshifts and then performs interpolations to obtain the results for any (M, z) combination during integration. The range and resolution of the grid can be adjusted by the user in the main parameter file.
Main functions
• init extragal: this function initialises the computation of the extragalactic flux by tabulating the values of the various distance definitions ( §3.1.1) on the redshift grid and the values of the mass function on the 2D (M, z) grid. The resulting arrays are stored as global variables.
• d intensitymultiplier dlnM: this function uses the previously tabulated values to interpolate the mass function to the relevant mass and redshift and returns the corresponding intensity multiplier, Eq. (3), but under the form dδ 2 /d ln M.
• dPhidOmegadE: this returns the result for the extragalactic differential γ-ray intensity of DM annihilation, according to Eq. (1).
• analyse *: a series of functions called by the new extragalactic submodules (-e) available from the user interface menu as presented in §6. These allow quick checking and plotting of various intermediate and final quantities, such as cosmological distances, intensity multiplier, EBL absorption, or differential flux.
Additional new features

Signal from individual high-redshift extragalactic haloes
Thanks to the implementation of cosmological distances and geometry, CLUMPY now also allows the rigorous computation of the fluxes for individual haloes located at z > 0. Assuming the haloes span is small enough (∆z/z 1), one may separate spectral and astrophysical contributions in the flux calculation. For annihilating Majorana 7 DM, the flux from an individual halo reads
and similarly, the flux from decaying DM is
In Eqs. (8) and (9), the line-of-sight distance (l.o.s.) l to the object now corresponds to the comoving distance, while ρ halo (r) is given in comoving coordinates. From the second line in each equation, one may define J/D-factors analogously to that computed for the local Universe by the previous versions of the code.
Choice of various overdensity definitions ∆
In the previous versions of CLUMPY, the halo radii R ∆ and masses M ∆ were defined according to the findings of [32] ('virial' radii and masses). In general, the mass M ∆ of a halo is connected to its size, R ∆ , via the relation
7 For Dirac-DM, the factor 8π in the denominator of Eq. (8) is 16π.
where the subscript ∆ denotes a characteristic collapse overdensity above the critical density of the Universe, c = 3H 2 (z)/8πG. In the new CLUMPY release, all calculations can be chosen to be performed with respect to any of the following overdensity definitions:
Note that Eq. (13) corresponds to the previously only available description from [32] (valid in a flat Universe). If a massconcentration c ∆ (M ∆ , z) or halo mass function dn/dM(M, z) are natively provided for a ∆ different from the user's choice, c ∆ (M ∆ , z) or dn/dM(M, z) are internally rescaled to the userchosen ∆ using the algorithm described in appendix A of [18] . Note that this rescaling presumes a given halo profile (e.g., NFW, Einasto. . . ).
Different scale radii of the substructure distribution and host halo density
In the previous versions, the scale radius of the spatial distribution of subhaloes in the host, dP V /dV = ρ subs /M subs , M subs = f subs M halo [5, 11] , was not an available input parameter. Instead, it was internally set to the scale radius of the total DM density distribution, ρ tot . In the new release of the code, the input parameter gTYPE SUBS DPDV RSCALE TO RS HOST (with TYPE = DSPH, MW, GALAXY, CLUSTER, EXTRAGAL) is available to freely choose r s, ρ subs = a r s, ρ tot as a fraction or multiple a of the host halo's scale radius. Note that when studying a population of sub-subhaloes in single objects (DSPH, MW, GALAXY, CLUSTER) or halo substructure for the mean extragalactic signal (EXTRAGAL), no mass or redshift dependence of the ratio a is implemented.
New J-factor normalisation of 2D skymaps
Since its first release, CLUMPY includes a module which allows the computation of two-dimensional (2D) skymaps of the J-factor. While this module has been extended in [11] for largesky patches, the 2D pixel values in the maps were always given with respect to a user-defined integration region, which did not coincide with the pixel size. This format has now changed: via the gSIM HEALPIX NSIDE input parameter, a map resolution is chosen, namely ∆Ω = π/3 N side −2 sr (constant in size for all pixels), and we provide J(∆Ω) or the flux Φ(∆Ω) in each pixel. 8 Note that we continue to additionally provide to the user dJ/dΩ or dΦ/dΩ in the 2D output fits files.
Conversion of the 2D map outputs from HEALPix pixelisation to fits images
Since the last code release [11] , 2D maps are stored in the fits format and HEALPix pixelization; these maps can be read and displayed by common programs handling the fits/HEALPix formats. To further ease the post-processing and plotting of the 2D maps, we now provide with the code a Python script to convert HEALPix maps into rectangular fits images in Cartesian projection. This makeFitsImage.py script relies on the healpy 9 (for the projection and regridding) and astropy 10 (for the fits I/O) packages. The transformed images can also be directly read by common fits viewers and analysis packages as, e.g., gammalib [33] . However, the transformation from HEALPix to fits images is non-reversible and degrading, also, the property of equi-areal pixels is lost. This is illustrated in Fig. 1 . For the extended γ-ray emission of an arbitrary example halo, we present the original HEALPix output at the top and the projected image at the bottom. It can be seen how an oversampled, rectangular grid is rastered in the projected image. Note that a coarse resolution (N side = 1024) is chosen in these figures for illustration purpose. For an increased resolution, the visible difference between the figures vanishes and the radial symmetry of the object is more pronounced.
New parameters and keywords
As in previous releases, CLUMPY comes with a large number of parameters required to perform any run: these include physics constants, dark matter halo properties, and simulation configurations. Some parameters require keywords, that allow the user to select preset ingredients from the literature.
Parameters. In this release, we have made the following changes for the list of parameters, as shown in Tab. 1:
• For a better consistency and readability, we renamed some existing parameters (Milky way and generic halo structural parameters);
• In the course of homogenising the input parameter control as described in §6.3, many arguments previously solely specified via the command line are now given explicit parameter names.
• The most important changes are those associated with the many new parameters required to perform the extragalactic intensity calculation described in §2. We now have a more complete description of the cosmological parameters, extragalactic haloes structural parameters, and simulation parameters for the extragalactic calculation (lower part of the table).
Keywords. The changes for the lists of keywords are reported in Tab. 2:
• The upper half of the table gathers the keywords associated to a model or parametrisation for the new extragalactic ingredients discussed in §3. They correspond to the absorption model ( §3.2), the model to describe ∆(z) (Eq. 11), the Illustration of the 2D map transformation using the makeFitsImage.py script. Top panel: 2D map output in the HEALPix format. Shown is the integrated γ-ray intensity of an example halo, drawn for the standard parameters in the -h5 module, using matplotlib and the healpy.cartview() function. Bottom panel: Transformed fits image, displayed with a simple Python script using matplotlib and astropy. Examples to generate above figures can be found in the CLUMPY online documentation.
growth factor (Eq. 6), the halo mass function parametrisation (Eq. 4), and the window function appearing in Eq. (5).
• The lower half of the table repeats the keywords to enumerators already presented in the previous version, with names having been changed for consistency (in particular for subhalo spatial distributions) and new keywords/parametrisations having been added. These changes are highlighted in grey.
Installation and code execution
We highlight in this section the changes made in this new release. Detailed instructions about the code structure, and how to install and execute it, are provided in the online documentation at http://lpsc.in2p3.fr/clumpy/. Shape parameters of the host halo TYPE subhalos' spherical density profile gTYPE SUBS DPDV {FLAG PROFILE, RSCALE TO RS HOST } Spatial subhalo distribution (see Tab. 2) in host TYPE and ratio a (see §4.3) gTYPE SUBS DPDV SHAPE PARAMS {0,1,2}
Shape parameters for the subhalos' spatial distribution in the host gTYPE SUBS DPDM SLOPE Log-slope α of the subhalo mass function dP/dm ∝ m −α gTYPE SUBS MASSFRACTION Mass fraction of the host halo TYPE contained in subhalos Generic extragalactic physics parameters (used in -e module) gEXTRAGAL SUBS DPDM SLOPE LIST List of slopes of subhalo mass spectra dP/dM (to be used with the -e2 submodule) gEXTRAGAL FLAG CDELTAMDELTA LIST List of c ∆ (m ∆ ) models (to be used with the -e2 submodule) gEXTRAGAL FLAG MASSFUNCTION Halo mass function multiplicity function f (σ, z), Eq. (4) gENUM ANISOTROPYPROFILE kCONSTANT, kBAES [42] , kOSIPKOV [43, 44] gENUM LIGHTPROFILE kEXP2D [45] , kEXP3D [45] , kKING2D [46] , kPLUMMER2D [47] , kSERSIC2D [48] , kZHAO3D [49, 50] [75] , kBRINGMANN08 [76] , kCIRELLI11 {EW, NOEW} [12] † Look for files in data/pk precomp, and if absent for user cosmology, generate P(k, z) files with CLASS code [24] . § To be consistant with gENUM DELTA REF notation, we renamed gENUM CVIRMVIR to gENUM CDELTAMDELTA.
‡ Applicable for the spatial distribution of subhaloes only. For γ-rays only (not enabled for ν).
Code installation, tests, and documentation
Several improvements have been made for the download, installation, and use of the CLUMPY C/C++ code.
• Public version control: the code is now under git 11 , currently at https://gitlab.com/clumpy/CLUMPY, from which the latest development versions can be directly retrieved.
• Compilation and dependencies: this new release of CLUMPY (C/C++) is compiled with cmake 12 . It now only depends on the cfitsio and GSL libraries, with the ROOT library optional (some sub-modules, pop-up graphics, and outputs in ROOT format are available only when installed). The dependency on HEALPix [77] is now ensured by a frozen version of the library (version 3.30) shipped with the code, which is internally built at compilation.
• General and code documentation: we have completely revisited the documentation, now based on sphinx 13 . For developers, Doxygen 14 pages are additionally generated and available from the documentation pages.
11 http://git-scm.com/ 12 http://cmake.org/ 13 www.sphinx-doc.org 14 http://www.stack.nl/~dimitri/doxygen/ • Integration tests: we now provide an automated test suite,
./bin/clumpy tests, to check the proper output of all modules after the installation.
Code structure and executables
As in the previous versions, declarations are stored in include/*.h (with the two new libraries cosmo.h and extragal.h), sources in src/*.cc, compiled libraries are saved in lib/, and executables in bin/. Tabulated tables on which CLUMPY relies (EBL, P(k), PPPC4DMID spectra [78] , reference test files. . . ) are located in data/.
Beside the two executables for the Jeans analysis [11] (bin/clumpy jeansChi2 and bin/clumpy jeansMCMC) and the new module to test the successfulness of the installation (bin/clumpy tests), the main executable is bin/clumpy, whose submodules are reproduced below for completeness:
• ./bin/clumpy -g[index]: galactic calculations, • ./bin/clumpy -z: γ and ν spectra,
• ./bin/clumpy -f: convert J-factor skymap to flux map, and a new submodule provided in this release:
• ./bin/clumpy -e[index]: triggers the new extragalactic module and prints a list of available submodules (e0 to e6) if no index is put.
• ./bin/clumpy -e[index] -D: generates a file clumpy params e [index] .txt containing all parameters and default values to execute the corresponding run.
Running all executables without further options results in self-explanatory messages with instructions of how to run the various modules. Some explicit examples are given in §6.4.
Upgraded input parameter interface
To allow a better control of the manual execution of CLUMPY and a better interface to a pipelined execution of the code, CLUMPY input parameters can now be fully and flexibly controlled via the command line.
All parameters required for a specific run can be set in a parameter file, following the same format since the first version of the code 15 or alternatively be parsed via the command line; specifying a parameter value in the command line is always preferred over the parameter file (with a warning being drawn in the case of a double parameter setting). Also, the code now only requires the parameters needed for the specific executed run (and a warning is drawn for set, but unrelated parameters). In some cases, the requirement of a parameter depends on the value of another parameter, e.g., the number of shape parameters for a given DM density profile. These dependencies are now checked by the load parameters() function at the beginning of each run execution, and default values are proposed after abort due to missing parameters. Also, default parameter files can be generated individually for each simulation mode with the -D flag.
This comprehensive expansion of the programming interface will finally also ease the construction of a wrapping Python module planned for a future release.
Run examples: extragalactic module
To illustrate the execution of the new extragalactic module and the refactored input interface described in the last paragraph, we present some examples below, for various indices for the submodules.
• ./bin/clumpy -e0 -i clumpy params e0.txt:
computes the cosmological comoving, angular diameter, and luminosity distances, as well as the Ω and Hubble parameters at z > 0, with all necessary input parameters read from clumpy params e0.txt. If CLUMPY is linked to ROOT, several interactive pop-up graphics are directly displayed and/or the results are saved in ROOT format (results are always written to ASCII files).
• ./bin/clumpy -e1 -i clumpy params e1.txt: computes the halo mass function, Eq. (4). Two of the resulting ROOT pop-up graphics are displayed in Fig. 2 . Note that a file 16 is needed in the directory data/pk precomp/ containing P lin (k, z = 0), where X denote the cosmological parameters specified in clumpy params e1.txt and Y is an arbitrary prefix. If no file is found, CLUMPY tries to run CLASS to generate it (with Y = class). Some parameters in the parameter file can be overridden from the command line 17 .
• ./bin/clumpy -e2 -i clumpy params e2.txt:
, and the boost, L halo substructure /L no substructure , over a user-defined mass range of extragalactic haloes. With this submodule, Fig. 1 from [11] can be reproduced.
• ./bin/clumpy -e3 -i clumpy params e3.txt: computes the intensity multiplier, Eq. (3). The ROOT pop-up display with the result for the default parameters is shown in Fig. 3 .
• ./bin/clumpy -e4 -i clumpy params e4.txt: computes the γ-ray EBL absorption exponent, τ(z, E γ ), and e −τ(z, E γ ) from tabulated values (see §3.2).
• ./bin/clumpy -e5 -i clumpy params e5.txt: computes the differential contribution to the γ-ray or ν intensity from extragalactic DM, Eq. (1) or (2), from different redshift and mass shells, dI/dz(z; ∆M, E γ,ν ), and dI/dM(M; ∆z, E γ,ν ). This allows to get a better grasp of the contribution of different redshift and halo mass decades to the radiation intensity. For example, Fig. 4 shows that at E γ = 10 GeV, for the chosen branching channel and the displayed mass ranges, the 'brightest' redshift shell contributing to the γ-ray intensity lies between 0.2 z 0.5.
• ./bin/clumpy -e6 -i clumpy params e6.txt: fully integrates the γ-ray or ν intensity I ann (E γ,ν ) from extragalactic DM, Eq. (1) or Eq. (2). The result for the default parameters, annihilation Eq. (1), is shown in Fig. 5 .
Conclusions
After ten years of development, the CLUMPY code now provides a comprehensive framework to compute indirect γ-ray and ν signals (from DM annihilation or decay) from the Galactic to the extragalactic scales.
In this new release, the code allows the flux and intensity calculation from haloes at any redshift, and to compute the average diffuse emission from all extragalactic DM. In doing 16 Y hX OmegaBX OmegaMX OmegaLX nsX tauX z0 lin.dat 17 For instance, ./bin/clumpy -e1 -i clumpy params e1.txt --gSIM EXTRAGAL ZMAX=8 overrides gSIM EXTRAGAL ZMAX with the value 8 (default is 4), calculating the mass function up to z max = 8. so, the computation of various cosmological quantities had to be implemented, like halo mass functions with respect to any overdensity definition ∆ and the optical depth to γ-rays due to pair production at the EBL. These intermediate quantities can be computed on their own, without seeking for γ-ray or ν signals from DM. By providing the corresponding submodules, we hope to widen the usage of the code at the interface between the astrophysics, astroparticle, and cosmology communities.
Moreover, the usage of the code has been simplified in several ways. Dependencies from third-party software have been made optional (ROOT) or hidden (HEALPix is shipped with the code), the compilation process has been improved, and an automated test suite is provided. Also, the input interface has been simplified, facilitating the isolated use of single modules and interfacing the code with other software. Finally, the documentation has also been fully rearranged and updated: it contains a comprehensive description of all features since the first release, step-by-step tutorials and usage examples, available output formats and transformations, as well as background information of numerical implementations and basic concepts. Also, we provide examples of how the code can be interfaced with Python.
With this third release, we hope to further improve the usage of CLUMPY as a comprehensive tool for indirect DM searches. Figure 5 : Pop-up graphic with the result of the extragalactic -e6 module and standard parameters to obtain the mean γ-ray intensity from extragalactic DM annihilation, Eq. (1) (solid line). The dashed line shows the spectral shape for the chosen annihilation channel (χχ → bb) at z = 0 and arbitrary normalisation. Note that for the user-specified multiplication of the differential intensity with E n , the integrated intensity reported in the figure is calculated as Φ = E n dΦ/(dΩ dE) dE.
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